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Abstract 
Corrosion resistance performance of binary eutectic tin-zinc (Sn-9Zn) solder was investigated in 6 M potassium hydroxide. The 
corrosion resistance performance of the solder was studied through potentiodynamic polarization. Double dissolution peaks were 
seen during polarization, indicating preferential dissolution of elements from this solder. Tensile strength measurement shows 
substantial loss of ultimate tensile strength (UTS) of the joint made after polarization. Microstructure characterization proved that 
weak spots were introduced as active elements removed during polarization. This showed that microstructure alteration contributed 
to the loss of UTS after polarization.  
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1. Introduction 
Accumulated evidence on lead (Pb) toxicity raised concerns on the presence of this metal in the environment and 
had prompted legislative effort to limit or ban the use of Pb-containing solders in all applications1. This ban became 
a global issue because of its effect on the entire electronics industry. It also led to intensive research on the 
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development of suitable alloys to replace SnPb solders. The tin-zinc (Sn-9Zn) solder is one of the most famous lead-
free (Pb-free) solders as it possess comparable melting temperature with the traditional yet toxic Sn-Pb solders1. The 
mechanical properties of Sn-9Zn solder is also reported adequate to be used in electronic industry2, 3. However, the 
application of this solder was found to be limited due to the inferior corrosion resistance with that of Sn-Pb solders1.  
Most of the literatures on the corrosion properties of Sn-9Zn were reported to utilize sodium chloride (NaCl) as 
the corrosive electrolyte. For example, Hu et al.4 studied the effect of reflowing process on the potentiodynamic 
polarization behavior of SnxZn deposits (x = 2, 5, 9, and 13 wt. %) in 3 wt. % NaCl at constant scan rate of 1 mV 
s1. It is described that the distributions of Zn atoms due to the reflowing process significantly affect the passivation 
properties of Sn-xZn solders. Meanwhile, Wu et al.5 exposed that needle-like and sheet-like corrosion products as well 
as a number of localized pittings were shown to cover parts of the surface this binary alloy solder after immersion in 
3.5 wt. % NaCl.  
Until recently, the study of corrosion properties of Sn-9Zn in other solutions, especially alkaline solution was 
found to be very limited. Electrolyte for alkaline batteries such as potassium hydroxide (KOH) is known to be very 
corrosive due to aggressive nature of its ions6-8. Furthermore, Sn-9Zn was described to experience localized corrosion 
under the attack of this solution at the concentration of 6 M in both open-circuit potential9 and polarized10 corrosion 
analyses. Though, the correlation between different corrosion conditions to the mechanical properties of Cu/Sn-
9Zn/Cu solder joint due to the interaction with 6 M KOH is scarcely reported. This work aims to investigate the effect 
corrosion Sn-9Zn solder alloy in 6 M KOH by means of the potentiodynamic polarization analysis on the mechanical 
and microstructure analyses.  
Nomenclature 
Sn-9Zn Tin-zinc  
UTS  Ultimate tensile strength 
Cu Copper 
 
 
2. Methodology 
 
Pure Sn (Malaysia Smelting) and Zn (Sigma-Aldrich) were cleaned, weighed, and co-melted in a porcelain crucible 
using an induction furnace at 600 °C in the presence of nitrogen (N2) gas. To ensure homogenization, the molten 
solder was thoroughly agitated during melting. The molten Sn9Zn solder was cast and air-cooled to room temperature 
for solidification.  
 
The Cu/Sn-9Zn/Cu butt joint for tensile strength measurement was prepared by using two Cu plates, each 
measuring 50.00 mm x 1.00 mm x 5.00 mm, and were joined using a solder alloy (1.00 mm x 1.00 mm x 5.00 mm). 
The setup and procedure for the joint making process were carried out as previously reported11. The soldered joint 
was air cooled to allow the joint to solidify on a hot plate. Excess alloy on the Cu plates was removed after 
solidification. To determine the tensile strength of the joint, INSTRON Advanced Mechanical Testing System 5900 
series was used at a crosshead speed of 2 mm/min. The images of the joint prior and after the tensile test were taken 
using a Hitachi TM 3000 table-top SEM to further investigate the fracture surface.  
 
The electrochemical characterizations of Sn-9Zn-xIn solder alloys were carried out in a single compartment cell. 
A three-electrode system was used with the mounted sample as the working electrode having an exposure surface area 
of 0.196 cm2; a platinum rod and Hg/HgO were used as the counter electrode and reference electrode in 6 M KOH 
electrolyte, respectively. The selection of Hg/HgO electrode was due to its excellent stability in alkaline solutions. 
The measurement was performed using AUTOLAB PGSTAT 30 and controlled with General Purpose 
Electrochemical System (GPES) interface software. The scanning rate used was 2.50 mV s-1 after the steady-state 
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potential was allowed to develop. The scan potential range used was -2.00 to 2.00 VHg/HgO. The electrochemical 
characterization was repeated at least three times to ensure reproducibility of the results.  
 
 
3. Results and discussion 
3.1 Potentiodynamic polarization 
Cathodic scan started at potential of 2.0 VHg/HgO (Fig. 1). The current rapidly decreased as the applied potential 
increased up to 1.40 VHg/HgO. Beyond this potential, the current started to rapidly increase and mark the start of the 
anodic region. The current linearly increase from 1u105 A to 1u102 A. This linear region represents the dissolution 
of Zn as the most active material in this alloy and known as the primary activation regions. The slope intercepts of the 
linear regions from the anodic and cathodic scans represents the corresponding corrosion equilibrium potential (Ecorr) 
and corrosion equilibrium current (icorr) of this solder11.  
 
Current reduction observed from 1.28 VHg/HgO to 1.10 VHg/HgO attributed to the primary passivation on the solder 
surface. Further increase in the potential to approximately 1.0 VHg/HgO led to a rapid surge of current. This was 
possibly contributed by the secondary dissolution of element from Sn-9Zn solder. As Zn was depleted during the 
primary dissolution, the secondary dissolution may be associated with the loss of Sn12. Beyond the potential range of 
0.7 VHg/HgO to 0.6 VHg/HgO, the current significantly decreased and then became nearly independent of the potential; 
the increased potential did not affect the current values until the end of the polarization analysis. This last region in 
the polarization scan of the Sn9Zn solder is known as the pseudopassivation region. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Potentiodynamic polarization scans for Sn-9Zn alloy in 6 M KOH 
 
The average UTS of the Cu/Sn9Zn/Cu butt joint before the immersion were 45.85 ± 1.00 MPa (Fig. 2). This value 
is comparable to the findings of other researchers using Sn9Zn solders (without joining)13. However, the average 
UTS decreased to 29.40 ± 1.20 MPa after polarization. This significant drop of UTS can be explained with the help 
of microstructure analysis.  
 
250   Muhammad Firdaus Mohd Nazeri and Ahmad Azmin Mohamad /  Procedia Chemistry  19 ( 2016 )  247 – 252 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Average ultimate tensile strength of Cu/Sn-9Zn/Cu (a) before and (b) after polarization 
 
 
The thickness of the Sn9Zn solder was uniform throughout the as-prepared Cu/Sn-9Zn/Cu joint (Fig. 3a). 
Common needle-like Zn-rich phases were scattered in the Sn matrix. Besides that, Sn-rich islands were clearly 
observed in the Sn9Zn solder region. The microstructure significantly changed after polarization in 6 M KOH 
(Fig. 3b). Dark grooves replaced the needle-like Zn. This proved that Zn was removed during the primary dissolution 
process. The presence of grooves also helped to highlight the presence of globular corrosion product of which may be 
originated from the Sn-rich islands.  
 
Corrosion under polarized conditions produces corrosion products with rougher morphologies compared with 
those obtained under equilibrium open-circuit conditions14. The alloy surfaces were more severely attacked during the 
polarization analysis. Under open-circuit conditions, metal dissolution and corrosion product deposition 
spontaneously occur. By comparison, the presence of an external potential during polarization forces the corrosion 
occur at a significantly higher rate compared with that under equilibrium conditions. This phenomenon accelerates 
the elemental dissolution and results in the formation of coarser and larger grooves on the alloy surface. At the same 
time, the external potential induces the deposition during corrosion to occur at a significantly higher rate. As a result, 
corrosion products with rougher morphologies are formed after polarization.  
 
The failure of the Cu/Sn9Zn/Cu butt joint occurred at both interfaces and at the bulk Sn9Zn solder region. The 
interfacial region is inferior to the bulk solder because of the low loading strength of the IMC11. Meanwhile, the 
presence of grooves act as weak spots that leads to the propagation of cracks under tensile loading. This contributed 
to the obvious reduction of UTS after polarization compared with that of the as-prepared Cu/Sn9Zn/Cu butt joint.  
 
 
 
 
 
 
 
 
 
 
(a) 
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Fig. 3. SEM micrographs of Cu/Sn-9Zn/Cu (a) as-prepared, (b) after polarization in 6 M KOH and (c) after polarized 
and tensile strength measurement 
 
4. Conclusions 
Potentiodynamic polarization gives significant effect on the tensile strength and microstructure of Cu/Sn-9Zn/Cu 
solder joint. The polarization process removes active materials that altered the microstructure of Sn-9Zn from Cu/Sn-
9Zn/Cu joint. This introduces weak spots on the surface of the solder. Presence of weak spots due to microstructure 
alteration and presence of weak IMC leads to significant reduction of ultimate tensile strength as it allows crack 
propagation under loading. 
 
Acknowledgements 
A.A.M. would like to thank USM for financial support through the USM RUI grant (1001/PBahan/814262). 
M.F.M.N. would like to thank RAGS 901800077 grant from Ministry of Education, Malaysia for financial support. 
 
References 
1. Abtew M, Selvaduray G. Lead-free solders in microelectronics. Mater Sci Eng R-Rep. 2000;27(5):95-141. 
 
 
(b) 
(c) 
252   Muhammad Firdaus Mohd Nazeri and Ahmad Azmin Mohamad /  Procedia Chemistry  19 ( 2016 )  247 – 252 
2. McCormack M, Jin S. Improved mechanical properties in new, Pb-free solder alloys. JEM. 1994;23(8):715-20. 
3. McCormack M, Jin S. Kammlott GW, editors. The design of new, Pb-free solder alloys with improved properties. Electronics and the 
Environment, 1995 ISEE, Proceedings of the 1995 IEEE International Symposium on; 1995 1-3 May 1995. 
4. Hu C-C, Wang C-K. Effects of composition and reflowing on the corrosion behavior of Sn–Zn deposits in brine media. Electrochim Acta. 
2006;51(20):4125-34. 
5. Wu BY, Chan YC, Alam MO, Jillek W. Electrochemical corrosion study of Pb-free solders. J Mater Res. 2006;21(01):62-70. 
6. Affendy MG, Mohamad AA. Corrosion Study of Sn-9Zn Lead-Free Solder in Alkaline Solution. Int J Electrochem Sci. 2012;7:495 1 - 8. 
7. Mohamad  AA. Zn/gelled 6 M KOH/O2 zinc-air battery. J Power Sources. 2006;159(1):752. 
8. Masri MN, Nazeri MFM, Mohamad AA. Sago Gel Polymer Electrolyte for Zinc-Air Battery. Adv Sci Tech 2010;72:305-8. 
9. 9. Nazeri MFM, Affendy MG, Mohamad AA. Corrosion Study of Sn-9Zn Lead-Free Solder in Alkaline Solution. Int J Electrochem Sci. 
2012;7:4182-91. 
10. Nazeri MFM, Mohamad AA. Corrosion measurement of Sn–Zn lead-free solders in 6M KOH solution. Measurement. 2014;47:820-6. 
11. Nazeri MFM, Ismail AB, Mohamad AA. Effect of polarizations on Sn–Zn solders alloys in alkaline electrolyte. J Alloy Compd. 2014; 278-
87. 
12. Nazeri MFM, Mohamad AA. Polarization Study of Sn-9Zn Lead-free Solder in KOH Solutions. Int J Electroactive Mater. 2014;2:34-9. 
13. Prabhu K, Deshapande P. Effect of cooling rate during solidification of Sn–9Zn lead-free solder alloy on its microstructure, tensile strength 
and ductile–brittle transition temperature. Mater Sci Eng A Struct Mater. 2012;533:64-70. 
14. Nazeri MFM, Mohamad AA. Effect of exposure to alkaline solution on Sn–9Zn solder joints. J Mater Process Technol 2015;219:164-72. 
 
 
